This supplementary information is divided in two sections. In section 1 we make the analogy between the magnetization dynamics excited by acoustic pulses and a two dimensional pendulum by considering the Landau-Lifshitz equation in spherical coordinates ( , , ) ρ θ φ , in the 
ω is introduced to put forward the similarity of the magnetization dynamics to the one of a pendulum when we consider Crenel or delta functions for the excitation by the acoustic pulses. Assuming such a Crenel function which results in a change of the anisotropy between K 0 and K 1 during the excitation pulse of duration p τ , the solutions of equations (1.5) are given by: 
;
After the excitation pulse: The reason for the minor effect of the pulse shapes on the final trajectories is that a time dependent change of the anisotropy mostly perturbs the angular momentum alone in contrast to thermally induced changes of the magnetization. Doing such, the control of the precession essentially occurs via the sequence of pulses and more specifically on the delays between the pulses. Naturally the amplitudes of the pulses also play a role for the magnitude of the precession angles θ and φ but not for the temporal sequence for which one obtains for example a suppression or an amplification of the precession. In that sense, our experiments demonstrate an "ideal" case of coherent control using the acoustic pulses. The advantage is twofold. Firstly, the temporal sequence can be controlled with an extreme precision as the pulse sequence comes originally from femtosecond optical pulses. Therefore, even though the acoustic pulses are much longer than the optical pulses, one can control the precession with sub-picosecond resolution.
Secondly, the acoustic strain being a weakly dissipative process, one can transport angular momentum over large distances in metallic structures. In fact the largest source of dissipation is the loss at the interface. Therefore, an optimal use of the magneto-acoustic control in multilayered devices requires adjusting the acoustic impedance at the interfaces.
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